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Abstract 



An amplifier for use with fiber optic systems comprises a neodymium YAG crystal placed in 
series with a signal-carrying optical fiber. The ND:YAG crystal is supplied by the optical fiber 
with both the signal to be amplified, and pumping illumination. The pumping illumination is 
coupled onto the optical fiber by a multiplexing coupler which is used to combine the signal to 
be amplified and illumination from a pumping illumination source onto a single optical fiber. The 
pumping illumination inverts the neodymium ions within the ND:YAG crystal. The signal to be 
amplified propagates through this crystal to stimulate emission of coherent light from the 
neodymium ions, resulting in amplification of the signal. Because this arrangement permits the 
ND:YAG crystal to be end-pumped with pumping illumination, and because the length of the 
ND:YAG crystal may be substantially greater than the absorption length for the crystal at the 
wavelength of the pumping illumination, virtually all of the pumping illumination may be 
absorbed within the ND:YAG crystal and used for amplification of the signal carried by the 
optical fiber. 
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4«i4tfttC**. t^t**^. ffl5#ffl»^3 2 
0*$* J tiAL7tkft, fciv^i. 37^^81*^ 

®V 6. i*t<9<'S8WI<0TCtt, Bis 

W LT IMA L . t^>^£< t *>*<?5-fWiffl*^ h 5 
yKfeaWjESft.*. Ltztf->X. 3K(i^32SriKS 
tSB. Xh^yh'l 2^t-fi^kf*^k / v^SlK 
il§ixl». i<oid*ISS<ojW±ffii:^fflfa«3 2«0^ 
$, *<50«ft (JaTfcJfi^feit*) fcit/3T^<7)S6i[ 
tcftfiPt* . 

[00293 H 7 r A *1&&QfctiVthW&& 

tt. ±iiWJ;3t. ft^t5tV^ttS:^tOt\ Jl 

"HUT**. i<^SftKiO, IS^»10^-*lltfc 
Ztf-hlZS-z. btlfc 2-0<nm^^^hZ.t^X' 
ft I.. Ltztf^X. 01C*S*i4.k'3fc»£A 1 O* 1 
y fy/fi-f 1 0<0.-K- h At4x ^>ix. A*o 
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4>ar, i^<r>m\t. x-hBiz&^xmmmz-k<yt 

[00 30] £<7)»*flaFttfcW5^6fcfcfc. 06ti 

fflS^JBAfi. »*7 2 0mfc*W6«£JW>fflMSrc' 
T\ ifcR7 2 0nmJi;l OO&tfr&Sit** 5 , ?fcR5 5 0 

«uflt^s*i<: o o . fc t *.» . 59 

Onmfc 6 5 0nmti8 0%<^**-C4HiSil6*»4fcJ4IS 
GZtLh. tt*<0»<0«* (A, , A 2 ) (i % 

&xdiiz. mmnftmmz. 7*4*1 2* , 1 2b 
vmm^mtfmut & ^tizz-? x mx-tz . 

WKftm&tf+ftJz% v > b -f & 1 . Sit* 1 if *> i 3 KiS 
St/CHJ: 5 1 1 . WLk&M.<?>2mm*lri3.iEmzm 

[003 1] ttKftmimm>mmx'b 0 . ttz^m 
mmmiz <r) -»/*(cjtw«. Rawtmrt-sfco 

fiTfe 1 ?. ft$^g* s 200-fey^-h;H:iftiniLt 

IKi. 06c7)W^@2 5-feyf-^-h/H:fcV 1 >TA = 
6 0 0nnjfi#C0^1 7 0nn*>fe, ¥g 2 0 0 -fc - 

[0032] itfg^^»»mi20^*±^-5^- 
H (7*4*fanWH) fci^'R (7r-fA'<?)|$ 
¥S> tflESLT^*. WLhS-Z-htitz 

•f i 3 eaGECI6£»fc*f L 7 r 4 ^TB^EKH SHJR 

zxoiztiimmzfflR (r^hs?) -r^tti-? 

[0033] IS^SI^MMB^KSitS^ttJIK- 

fc»t«»**^IWW-*. -^^tii. 7T-TA12 
a , 1 2b <*)HfcttLSEfc#flC£^C7n-y? 1 6 
a, 1 6b Srjf Wt7T^^7t'/ h-tl>^ tlZ 



g*«*S-fr4»a*»^. #gfc$*i£*7-fey b# 
SIH«i7 r ^W7-k7 h i: t b(Q3tt£Xfct* t 

v^$na>fe£-fi>. 

[0034] W^$frzeMttiWfrti>t:*> 
&&ffl(0S?o>. 0. 55^oy, 1. 05?n 

ofu jgft^tSJni--S.*f*]^l!Jt-|»-fc* i £fetil.. 

= 4S?ny) CfcUT. lS?D^7t7^i 
[0035] C«fi8S^*««^D ^, H 9 £#8IL 

D : YKG7*4**&m&&1&fc^XW<.&. 

[0036] #yvyy- 4fr$.*-i'3>M4 2te& 

£»1 00)7*4*1 2a (Ctt^Stl-C, **6rtS^»l 

0^-hAt*ryh°y^- ;us^-^a y$r4i. 
S. *6S*iS^m^iilS^»10^-K-hC 
tfcV%T7r-f Al 2b 0)--fff&M&&%tl%. 
[0 037 ]%M4 2 frtzWtfyVy? ■ 4)liH—i/ 

fll). LJt^t, M^HlOti, 3K}i4 2 0«#(C*f 
1 1 0 0 %ffM&$&$H l , b C A.i7)ff -tA 

^wft^KS* l o %com^m^ti> ± o taisn 

i« l *f«fi^ai«i. OTtcJt^fe^***^ 

WAl 2b (C*S^SfL4ND : YAG«fl4 4 (L-- 
y'y/7 7^A) ^4 i. fen*. *f-bCtfcttSfi# 
A*{i. ND : YAG^ H B H 4 4rtT'ii*S§fL, tfll^it 

c0fe a a 9 4 4^fe3fe7r-fA-4 6M^$ix&. ND : Y 
A GftfU 4 Wttgti . ^feff affiOflWKBt: ffl ^ fetlT 
USND : YAG07 FcOilgi; ifc^TSft'C/hS V \ 
tz t Hi. &§k4 4 <?)eg# 10 0S?pytMJ:3 
^BSSjWJjtStiTV^. f-t-H7r^^l 2b 
ofigHjfiv ^i 5 4 , 3 fe £4v£ =5ril@ t "TITCft l> . 
7t4*1 2b tJS B B B 4 4i:£7)rao^(i. S^440 

^r€=5rfe, (6ft4 4rtK:tJJtS. ^4 1frt>0)Xy\: 
y ? ■ 4 )V 5 3 y««(itSfi4 4 oegtfifcH- 

[0 038] CND : YAG^»li1i«jff3 01 0(i3 0 
0* KttJ»tl>ND : YAGjg^4 2<7)®lRX^h;l' 
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SrSrfH-Cft*. 01 0fc#BW*lif - ND:YAGt 

jfcRKfcwcfJro ; k . ; ORJfcdf? 

iB4 2<J5«S*aS?-f4tf5**J:V\ ,I£)<r k£4 9 . N 
D : YAG|g B |4 4<D#&tfiUft$<A4'"t\ ;tfytfy 
7* • A )V\ *-v a y#|&ltWfc££fc«JK3;ft.4 C k 
a^Ttlk**. HI 0#>£>j|^it!)J:3(c, 0. 7 5*5 

i)K 0 . 5 8 5 7 n y<7)ifcft £ y 7" • 4* $ *- 

[0039] 111 1W (a) iiND : YAGfe%4 A CO 
X.*)\s*mGL**i-mZ'fcZ> . HI I CO ( a) £#Bft 

ND : YAGttA4 4tJ:"9«yRS*l3fei:&. **S^**> 

tfyr^'y H*»fe-f *yi47 *y yffl£ftffl£tf-LT± 

{*LCOl—*miiL'\-fl£*?<m%l-fh . Z(0±&COU— f 

m^<7)mt<?>im%7*s>iMitf±t&. hi 10 

(a) fc^§itS^^T^4mfi^-1f^7 : -At:iJ{t 

-l^kSlSttSlfc^HoaaPfr?* yyff«c4 o 

3mn2eDTfi<o u —rmtfLima $ *i a *> ^ ?$> % , 
zvmmmi i*> (t>> 01 10 <t>) 

J4aaWf>-t^+<»DND : YAGt&ft4 4fc:t$»t$tff 

yy^vY, ±.®.<ov-Tm&, T&cou-Tmiiax 
~Tm& k T&<0 V — ftm k 0X$0>9&&)&&#li . 

rmis-imLkmfcVffikcofflkmm. xvy*> 
v k itonv-vwsL kcomco?*y >mm t \t^x it 

ymv— mftcoztiz*)i>mv.mz»<%<9, 
KBfc*ft t * . mcou-Tmmz&vz, w-^a 
4**vaTO*totiiftiK£&'Cti. 3oo- kcdn 

D : YAG^ B B B (fC1il^2 3 0"7>f ?n®Tt>&. *i*S 

^ N lx— l^fieiOitTk^racO^W+tND : YAG 
4*>£J:oTftffl&h.*X0)fcJt ( 1 ■ 0 64 $7o 
>) k$r*«k3(caiiR3*i*. 1 OfciOi^ffi 
^7mf B 4 4M-*.6*ifcfc *«. ^kP3-Ja»»T 

£OEiHR£it-33ttf«iac 4 0 . H 1 1 CO ( a ) <7)Jt 
ficou— f mtlfc Tfi<?)U— k O^<507 * V >M 

mm\ mm^titK^mkm&m'^.t. x-h 
[oo4o] ze>m<ommiz}5^x®L>ti&nm 

te, ND : YAG^^+O^i^-M^y^KSK 



£>» ND : YAG^St+fctHVCJis ^<0*^>f y b 

tl&frt>X'$>&. 10 01^7 HJ^AH^n^Sf 
* -y h "JWIWtWND : YAGftJfcOlS 

[0041] zcomcommizm. >wmm (« 

o ) coaiftli-ftS-g o =<JAN^)M^5rfflV^Tfi : ^a. 
iiT<yttS»ffl[aJBriif«'C*o'C, ND : YAGfcSt 
LT<i. 8. 8X10-' 3 cm* T'J>9, ANJiRIEfi^ 

AN== (Pp /V) • (7?! 77 2 tsp/h* ) 

T'J) 0 , Ltztf->X. P P /v{47 7-rA&o#fitt8tab 
!^0w»RiR§iiJt^y7-^ s 7-k^l>. t SP li 

•7^7 c^MBCKniimrcft o , v x \m 1 o 

ill.J;3tC. ND : YAGc7)©TO2:^>^yrai7JX 

<7)«*<0*^M8. -r^*>^, 0. 6 3T*9. hWi 
imcotfyy?* byffxc^tu^izmt^. ±ftcoffli% 

So =<y ■ (P P /v) ■ (t?! 77 2 t S p/hf) 

P <7)<I{i:PR)R$ix^* , y7'A"7-T'J)0. *^ B B B 4 4 

comtmm Lxt, &r i^mmamu i%^zk& 

VmZti&^X'bl . Ltztf-oX. XM4 2ipt-><r># 

>v>ymmK s^jcnd = y a Gtfifl4 4(ctt^3 
SS B B B 4 43WJi3^t^yty^W*SMX-r&«i 
k S W(C+^^Sg§f *^ B B B 4 4 ftx®mth%& 
K»4, iW^^tfeJtSPp «0ttt4A^A-V-U^ 
(caWifeft.*. SWf^^W4. L*»L*36»t, g 
o KND : YAGf£ B B B 4 4l*J<7)l . 06S^oy(:fc 

*fc 0 1 0 0db<7)a^{4fiJ#S: 1 -feyf-^- Y)Vhtz 0 
0. 0 0 ldb«{t»^$«4. LfctfoT, m^ B AAC0 
M* ! M»S<ffi^ii, A^^y7A-7-<7) 

[0042] C *B8tf>!$NI!$r»ft ] Ht/H 9 »#fR U 
T. ^-^3§1 0<D*-hAfcli5VvC7 7'fm 2a 

itLX^V^yy ■ -f/P5^-y 3 y^ND : YAGM 

A4 4^4ii. ^yyMA 214. fcfcitf. A# 

m»fiS?SA { ^l OOOamps/ctf Tlft^L. 
tponWt 5 watt/sr . cn» "C* 4 J: p ^rft L E D 
T*ft. WH. & 5 0 watt/sr. /cm* WLED*H^< 
■o*48ftS*iTV^*. *-t-H7r^A*i 2a kZtl 
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t><?>LEl>t\mWfiWj:Z><?>X\ LED»DJiS7l£ 
7r^f A'l 2a ^*ZithMZl,t]s>XiPgmX'$> 

[0043] ;titifflc. ^yTii42(±. J: 

D : YAGShft4 4'^IW>3-lt*£i:a I "CSftU~ 

ft|>ND : YAGttft4 4O©DU^?M'0>lf--?i: 

-Ktt. aSfcF-tV^SiVCSaftNOND : YAG 
SflttfNRJDU^? h*fcflK>T i 0.857 
Dy®f)7."<7 b /l^SrSctB-tl. h<r>ifi^^zX^X% 
4. Jttttf. »*fc:A*T*SGa A 1 As LEDli 
0. 8 5^n>««"C9lv^filt^^h/W**i4. H 
0. 8~0. 8 5S?oyS^(:M-3tx4.;P 

4itf>i:|3|t<fcv *mi^*y*Ci£-W a*** T*> h . 
[0045] j£ B B B 4 4T*I> ND : YAGlf(7)l/-f 
3»&tSt# 1 . vX'h 4 £ jMBUBJ 3*1 

S*f3 ? . tifgfe^ l 0 14 T . i OjfHJIfcfc 

wtfcL i^MCfcVitO. 8S^oyfJ)l.^yh' > 

**O|SI-<0pli{Cfc^T 1 . 0 6 5^oyT'S>4ND : Y 

[oo46] z.f>mm&\t* miEizy ta kw>wkl 

HiMtKLXO. 8S;nyfcl. 06-i7n>t<r>m 

<m&tte&w&mmz j 3-x.&z tt.mgi. o 

6i:0. 8§?rtykn&tK!:to*>0. 2 6S?ny(: 
*Lv*4HJ¥ffi*4*.&J:3fc7T4Ai 2a , 12bo 

tg££#ifcg0. 8$7ny£>J;?/l. 06S7oyfc 

JlSW&feWC. ^>-TjI4 2 <0tfJ^J 2:77^^*1 2b 

5#ffl#(i^yrii4 2*>tt£. o. 8*;d 

T"$>6. d^SSH. 7r^fA'12a K7r^A'l 2b 
<5H^£fc:8£S*U 7t4a*1 2b fr$>yrA Al 2 



fcSttU Ltztf^X. Kb US. ffK3 2fc£ftt/fir 

awBSftuB*** i . 06s?o> t^-tiw 2 fere* 
UMBSii****^*. 7r>fA'i 2b 

7r^(Al 2a ^cottt. VrA^l 2a frhlrA 
A'l 2b ^<0t#t<0 2i^^ctS^nS. d<75Cli: 
I4ajg$*ll.^0. tU CO«#j^09^»C* 

*HVC, «il§ni»^#ft#«7T^^*l 2a H7r 
-fAl 2b >\fc3S£tete£3*t*3Kve:^»4 2j&»<5> 

[0047] jI? VtV^4 2 A»£><7»fcfcttS£'SL 7 r 

>fAi 2b izm^xfcmzii&ox: zcotfyvyy- 

J±A U^'ot, ;K-hC 
*UK- hD*^^-^-caiT^< fl-f-ti, &A4 4 £>I 

fl^ti, ISA4 4<0ND : YAGfe«cOg^l/-if^W 

[0048] zefflwcoimi&iztityz.. xyrm 

7r^fA'l 2b H7r-fAi 2a ^ti*a$ti4^# 

s *- v 3 yftMx-nmismmtf o %t$> o . 3&<>3t« 

-hAfc*8-£3*U>. 

[0049] C5R*l*IflW4«5tt] 4NHSI»fi1f:(^arA 
WftSJtftK. Ill 2£jfi*titl5lziit<aWm 
^»50. 5 2fcfcttl^c7),-KyriS4 2, 4 8*1 

V^4>tf» #y7*W5 0, 5 2<7)t** > ^>*^ND : YA 
G^ B 3 B 4 4cO-^ffit^7r>^fe3-li:, 1&&4 4*0 

t'h^^iiviTftizftmztihm^izmm^i&z 

[0050] t L. #>7m4 2 , 4 8^-^r^'^^ffl 
^$>tl$>%L>li. ND : YAGfe B B B 4 4(i%-WiBg|t 

*S«i5*0IWi7 r -f a' 5 6 (CA* S#i&fi-*t=»t« ± 
0 1 , 7 t -f 4 CAfl SiiSfi-tCtt U»5rofeW 

l*f^3e«4 2, 4 8^V^^htiflJ^ 
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[00 5 1 3 M^A-I *V<nim¥&iWMft%*%f 

himwm&t ^omrn. wot o tc ix±-r&. 

&^GMtt&b$* ND : YAG|6A4 4rttf>ISB§;h. 

ze>£5%5\mzztit:miiut, ^>*>^^, £A4 4i*j 

a-TXfcwc . 1 <^#HB*fcE*f3ri«JKI6A4 4 
*St'<0fi^A^{±- HI 2*>£>jLS> 

(C, ttfl4 40^T'«^#^^#*ffifc:*i»t4 
<LXL&ofrt>X°hh. 

[00 52] ^yh-y^jf4 2, 4S\,z£*)5-z.htih 

•oX. tzbUf. ^iWr^^l^fo^-h 
MZbtz-oXmm-fhit+rJ oxn-TCfcvvtkL R 
J«rKd{cfiKiW-S[i#tt» HI 2t*S*i*flMi»*tt 
5 V4 7 o#»C 1 EMtraS . jtBB&fW^vriW 
2, 4 8#fflv^*il> : 5r<^ ZilWi+fttctiiJ}** 

1, 5~?A?u®<rMZUz, mifiWS^XWkth 

ex. mmitzkmmmTznKm-t&zttfxz 

[0053] iMcommt^im^nh xoiz. ?ta 
>^<mm t m%&t zmmzmm-z> z t izx o s 

^yt°y^ji4 2, 4 8» B B 4 4 2r^LT. -e^rt 
8n**iWJ»4 * ye>Wa ZR&Z&hZb iFC £ h 
ZktfX'Zl. m£mcr>JS7*-?£mE 
izMSit&Zhli. JWHSii***®*!!, 7r4*5 
4, 5 6frt>ii&4r2tv>Z\WX\ *SA4 4£««J I !K 

4to<n** s J*?J»4 xyoffiUfflaiz* OHmSfiS. 
[00 54] Ce-WA3H13*«RW"*. Hl3fc 
tJWC, l*ff)l&£«5 8. 6 0<DtMfg#tt#ffl^4>ft 
ts --Kyt°y/ii4 2*>'ND : YAGJgftfciHStU t 

tz. it^tmmmyr^^m^iy^^&^ixtz 

tlffltettt. ZCDi%£. tzbUi. 7r4VaS»6 

2, S4\$ffim>v-r<7>~®xhhztt, ttz. z 

ni/X7-umi , B4 4'\cD$:>vyi/jtZ5-z.&Zti l z 
MIX, £<o$Wrt*H0"fS«**«**4fc*>fcA' 

^oZbt<iSM^hl. 



[0 0 5 5] Ell SlZTfiZtl&isATMZ&^X. 
S§5 8itm%M4 2frk<Wfc<WL9& 1 0 0 
mX'%-&l, -fJX'\i. AJ17t4^6 6 iztiifZAjj 

m*z*m±4m&b'i-i*$£8Mzti&. zozb 

\Z£. *) . mk4 2frh<r>X>V>7%.b 7 7 4 A6 6tf> 
k £*tf 7 r t WA 6 8 K*J V 3fl3"£ 

flHhWtefl*. *££S36 o^tt*<±^^ffi-caiiE 

tsM^it, ;o^^6 otfmEizm&ztiz 

KW. tg-&«6 0Udf>e^«4 23&»4>^Jt«fiS: 
1 0 0%5&£$-£l>#\ 7r-f^*««6 8*»4>W«^A 

%mffim?T4 w-nzmAZtix. *w>fc. &a 

4 4 &^LTffffl&>fctf>fc:7r 4A.fcgiM 
SfU. 3KM4 2 j^Otfyty 7*367)1 0 0 

%Ji^ B B B 4 4<7)S^j£A$il, ?SIK^#Ol§II£-$- 

[00563 C<^IHKWi#*«7 r-f A««6 2(3I*> 
ftfc t S . jWjWI**) 1 %^tjWBf^»6 0 -ca*s 
ti. zff) i %j±SflBa**i£a-tsfc*t-fe y-t 7 

-7°rtt'OgJi*ak Sffl w>t&> ttt^S 6 o *^^ B B B 

44^aA?iX^>. -eil^X, 2-3(«^S58, 6 0 

mmrh±<r^msmb, ii—rfH^com^mAbmm 
mm&4 4 s\cr>m%xyt°yyb am%bti&. ±t-s 

6 omm^mnv-rmBMthmwsL^z^x 

\m.W0k< WdX. fe B B 4 4 fctS^Tfl^-KJD* ^fL^. 
4MJ: 0 i>'bZ^Z< 6 0 (cJ: ->XWm 

[00571 i£t#>: mmt&&biiD ■. YAcmw, 
m&bcr>®-£rwz£y). mizn^xMmmgkw 
>\zv7bnmzz<?>7T4rtwmbizfs»&wft®.A 

[Hi 3 z(mmzt5^xffl&gsbbxm^t>ixz>7T 
a ^m^^mmmmmxh o . 

1 «^3fe7 r v n'cot. h 5 y H *Srf H-Cft & . 
[H2 3 0 1 OR 2 - 2 tc*5»t* ilS-&»<»DBf BSBTC* 

[03101 S0H3 - 3 tt?ftl.^S<OBriB0TJ) 

[04 3 Hlo*S-&«WTil^-^<^)fMaaT*)0, * 
tl liZft o 7 r A > <-<T>~? *j y Y b 7 r A A<Dfgn^tf) 
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[06 3 m^7r4J*!fflSiWfi4$?v>. *7*v 
h*5os?ny, 7tA A'c?)ft$^@* { 2 5-fey^-^- 

[07]7t^ A'coft^g^' 2 0 0* y^-x - h 

& § £ t jawiiu 6 ii b m-?$> i w&om m:&& 

[08 ] §v\W7t4 )*mm&&A ??oy, 7 r-f 
A*¥g#2 0 O-t'yJ-jt-y-iUX'h*), 7tA*<F>J[7 
-fe h 1 7 r A A-fif&38KJ3tt4ffl«W*tt 
^Sfifc'^-fc ft# *ftk «J5HfiR*3jrfHT*4 . 

[010] 3 0 0 s KtlJSlt&ND : YAGf)«JR^ 



?h/l/£^-t0T&&. 

[Hll] (a) (b) J3ND : YAG4Jf»H 

-vyrmmm^i Am&u—ifcDmMkztLti^- 

[01 33 7 r A'c^/l^-Tfciittl>«^-if Afc J:t>' 
B&0T'J>l>. 

1 0 K-X 

12 3fc7r-fA* 

18 ft?T4)*ffftt$m 

3 4 lA^ty^-f-^H 

4 2, 4 8, 70 xwyyym 

A A %fflffl& 
50, 52, 58, 60 
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